Tomato breeding and variety development have led to the generation of a large number of varieties in many countries worldwide. This has created a growing and urgent need for an improved strategy for genotyping and identification since the traditional methods based on phenotype are growing unreliable. DNA markers could provide distinct benefits in tomato variety identification; however, DNA fingerprint analyses have not made DNA marker data readily usable for identification of varieties in tomato and other crops. A manual cultivar and/or variety identification diagram (MCID) strategy has been developed and has been found to make DNA markers more usable for the identification of genotyped plant individuals. We adopted this strategy, using modified RAPD markers to identify 42 tomato varieties from different geographical origins and seed merchants. All of the varieties were clearly separated and individually identified by reproducible fingerprints of only 6 RAPD primers. The tomato MCID that is generated is usable for the identification of any two or more tomato varieties. In addition, fewer primers can be used to make a distinction between varieties using this approach, since the selected fingerprints from each primer are used after they have been generated. The information in this 1817 ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 12 (2): 1816-1828 (2013 An efficient strategy for identification of tomato varieties first version of the tomato MCID can be enriched through identification and incorporation of more varieties and adaptation to other molecular markers in order to provide a more comprehensive tomato variety identification service for the horticultural industry.
ABSTRACT.
Tomato breeding and variety development have led to the generation of a large number of varieties in many countries worldwide. This has created a growing and urgent need for an improved strategy for genotyping and identification since the traditional methods based on phenotype are growing unreliable. DNA markers could provide distinct benefits in tomato variety identification; however, DNA fingerprint analyses have not made DNA marker data readily usable for identification of varieties in tomato and other crops. A manual cultivar and/or variety identification diagram (MCID) strategy has been developed and has been found to make DNA markers more usable for the identification of genotyped plant individuals. We adopted this strategy, using modified RAPD markers to identify 42 tomato varieties from different geographical origins and seed merchants. All of the varieties were clearly separated and individually identified by reproducible fingerprints of only 6 RAPD primers. The tomato MCID that is generated is usable for the identification of any two or more tomato varieties. In addition, fewer primers can be used to make a distinction between varieties using this approach, since the selected fingerprints from each primer are used after they have been generated. The information in this
INTRODUCTION
Tomato is one of the most important fruit/vegetable crops in the world. Its production in 2010 was more than 145.5 million tons, harvested from over 4.3 million hectares at an average yield of 336 hg/ha (FAO, 2012) . There are more than 7500 tomato varieties successfully bred and grown for various purposes worldwide, and plant variety registration bodies in different countries keep records of most of these varieties. Although each tomato variety has unique characters of interest to breeders and other researchers as well as growers, cases of synonyms and homonyms abound in the tomato industry just like in other crops, and this is an important problem that should not be overlooked but rather should be addressed (Korir et al., 2012) . With the evolution of the tomato industry, the development and adoption of new varieties have gained popularity, thus making the breeding of and research on tomato varieties more and more important. This in turn has created a need for their accurate and rapid identification by both breeders and key commercial and regulatory players in the tomato value chain. Even though there have been some reports on tomato variety identification using molecular markers (Patil et al., 2010; Abd El-Hady et al., 2010; Huh et al., 2011; Ezekiel et al., 2011) , the phylogenetic tree-based dendrograms of the varieties generated from cluster analysis of the DNA banding patterns have not actually made the identification of tomato varieties easy and practical, other than indicating the genetic diversity levels of the plant individuals. This therefore calls for strategies and methods that can make the identification of tomato varieties reliable, easy, and referable since it is vital for the tomato seed and nursery industries, as well as important to growers and researchers for purposes of protecting plant patents and providing genetically uniform plants.
Molecular markers are valuable due to the fact that they are not influenced by the environment and can therefore provide a powerful tool for appropriate categorization of crop genotypes including varieties and cultivars. Many DNA-based markers, such as RFLP (Williams et al., 1991) , RAPD (Williams et al., 1990) , SSR (Powell et al., 1996) , I-SSRs (Zietkiewicz et al., 1994) , AFLP (Vos et al., 1995) , SNPs, SAMPL (Morgante and Vogel, 1994) , M-AFLP (Albertini et al., 2003) , SRAP (Li and Quiros, 2001) , CAPS (Williams et al., 1991), and SCoT (Collard and Mackill, 2009) , have been developed and used in studies on genetic diversity, fingerprinting and origins of cultivars in many crops (Fang et al., 2005; D'Onofrio et al., 2009; Melgarejo et al., 2009; Papp et al., 2010) . Among these markers, the dominant RAPD marker (Williams et al., 1990 ) is generally accepted for basic genotype characterization, genome analysis and gene mapping in various species due to its simplicity, speed and efficiency, ability to detect relatively small amounts of genetic variation and non-requirement of prior information on the genome. Since the approach requires no prior knowledge of the genome that is being analyzed, it can be readily employed across species using universal primers. The major drawback of RAPD markers is that the profiling is dependent on the reaction conditions which may vary between different laboratories, thus making it less sensitive and reproducible (Rajput et al., 2005; Agarwal et al., 2008) . This problem can, however, be solved by optimization of the RAPD technique by choosing 11 nucleotide primers and strict screening of PCR annealing temperature for each primer before RAPD is employed in fingerprinting plants (Welsh and McClelland, 1990; Penner et al., 1993) . In addition, the results from RAPD can be analyzed and presented in different ways ranging from clustering, dendograms, phylogenetic trees, and cultivar identification diagrams, among others. Depending on the strategy adopted, all these can in turn make RAPD a useful technique in plant cultivar and variety identification to varying degrees as shown by recent studies using the manual cultivar identification diagram (MCID) strategy in different crops Zhao et al., 2011; Wang et al., 2011; Li et al., 2011) . RAPD markers have also been successfully applied in determining genetic relationships in vegetables such as Capsicum (Bhadragoudar and Patil, 2011) , broccoli (Lu et al., 2009) , radish (Liu et al., 2008) , and curcurbits (Dey et al., 2006; Sureja et al., 2006; Verma et al., 2007) , among other crops.
The application of RAPD markers in the practical identification of tomato varieties would be of great scientific and commercial value in the tomato industry, and if successful and broadly accepted, it can be further replicated in other important vegetable, ornamental, fruit, and cereal crops. The MCID strategy developed by Zhang et al. (2011) has been found to make DNA markers more usable in the identification of genotyped plant individuals of different species (Zhao et al., 2011; Wang et al., 2011; Li et al., 2011) , and therefore, the main objective of this study was to explore the feasibility of using the MCID strategy and employing modified RAPD to identify tomato varieties in a practicable, efficient, recordable, and referable manner. A total of 42 selected tomato varieties were identified and a referable cultivar identification diagram (CID) of these tomato varieties developed. The CID may be employed as a reference table with greater advantages regarding ease of use, workability, and flexibility, whereby new varieties can be readily added as their data become available. Furthermore, this CID will add precious information and buttress the theoretical basis for the identification of varieties and cultivars, genetic diversity analysis and genetic improvement of crops at the molecular level, as well as being a potentially essential tool in testing new varieties for DUS (distinctness, uniformity and stability) before granting protection (Lu et al., 2009) .
MATERIAL AND METHODS

Plant materials and genomic DNA extraction
Seeds from a total of 42 tomato genotypes (Table 1) with geographically distributed origins were collected from research centers, seed companies and seed shops in China and Kenya and planted in a growth room for 3 weeks before extraction of total genomic DNA for use in this study. The choice of varieties was based on popularity in various markets and apparent claims of similarity in some varieties by growers and other players in the horticultural industry. Total genomic DNA of each variety was extracted from young leaves using the modified cetyltrimethylammonium bromide (CTAB) method (Murray and Thompson, 1980; Bousquet et al., 1990) , and the extracted DNA was diluted to a final concentration of 30 ng/μL with 1X TE buffer and stored at -20°C until further use.
Amplification of RAPD markers
The reaction mixture (final volume of 25 μL) contained 2.5 μL 10X buffer, 2.0 μL 2.5 mM dNTP, 1.5 μL 25 mM MgCl 2 , 1.0 μL 1.0 μM primer, 0.10 μL 5 U/μL rTaq Polymerase Dynazyme, and 60 ng genomic DNA. Amplification reactions were performed according to Williams et al. (1990) , with minor modifications. PCR was carried out in an Autorisierter Thermocycler (Eppendorf, Hamburg, Germany), using the following procedure: pre-denaturation at 94°C for 5 min, and then 42 cycles of denaturation at 94°C for 2 min, annealing at 35°-45°C for 1 min, and extension at 72°C for 1 min.
Analysis with modified RAPD
A set of 60 11-mer RAPD primers were optimized and screened in this study, and re- producible polymorphic bands were obtained with 12 randomly selected primers. Reliability of the fragments on the gels was enhanced by scoring only those that were reproducible. At the end, only 6 primers ( Table 2 ) that showed well-resolved and reproducible bands were further analyzed, and the rest declared redundant. All PCR products were detected on 1.6% (w/v) agarose gels in 1X TAE (0.04 M Tris-acetate, 0.001 M EDTA, pH 8.0) buffer at 100 V. The gels were stained with 0.5 μg/mL ethidium bromide and photographed under ultraviolet light. Polymorphic bands among the varieties were observed from the photographs. All amplifications were performed thrice to obtain reproducible and clear banding patterns. 
Data analysis
Only clear and directly recognizable bands on the gel photographs were manually chosen and scored for each variety and each primer. Varieties with a distinct band in the fingerprint generated from one primer were separated apart, while varieties sharing the same banding pattern were separated into the same subgroup, and the rest into another subgroup. Following these criteria, all 42 tomato varieties were gradually and completely separated from each other as additional primers were used. A CID was then prepared based on the stages of separation of the varieties and on the primers and banding patterns used at each stage.
Assessment of use and workability of the CID in tomato varieties
There was a critical need to verify the workability of the CID and demonstrate how it can be employed in the future. To achieve this, several tomato varieties were indiscriminately chosen from inside and outside the defined groups on the CID and subjected to new identification following the same procedure as used above. The corresponding primers to be used for the separation of each group were simply picked out from the diagram.
RESULTS
Tomato variety identification
To establish the suitability of the RAPD marker in identifying the tomato varieties, a set of 60 RAPD primers were screened and the optimal annealing temperature for each primer determined based on the value and reproducibility of banding patterns. After all primers were tested, each of the 42 tomato varieties could be fully separated and individually identified by the systematic use of only six primers (Table 2 ). An outstanding illustration of this identifica-tion, based on the RAPD pattern, is that obtained with primer Y35 (Figure 1A) . Primer Y35 was the first to be screened out and used to separate the 42 tomato varieties. The electrophoresis results showed that two varieties denoted as 9 and 41 (lane numbers corresponding to the codes in Table 1 ) both generated a uniform, clear and reproducible 200-bp band, which was absent in all the other varieties ( Figure 1A ). When this special band is selected for variety identification, these two varieties can be instantly recognized. Similarly, three tomato varieties denoted as 18, 20 and 21 could be selected out of the other varieties based on the specific presence of a 1300-bp band and absence of 750-and 200-bp bands, a situation that is unique to these three varieties ( Figure 1A ). The remaining varieties were then separated into two groups according to two specific bands of 750 and 1300 bp. Thirty-three varieties (1, 3, 4, 5, 6, 7, 8, 10, 11, 12, 13, 14, 15, 16, 17, 19, 22, 23, 24, 25, 26, 27, 28, 29, 30, 33, 34, 35, 36, 37, 38, 39 , and 42) generated both bands, while 4 varieties (2, 31, 32, and 40) generated only one specific band of 1300 bp ( Figure 1A) . A second primer Y53 was chosen to differentiate varieties in the new groups based on the presence or absence of a 700-bp band, leading to the creation of 4 new clusters of varieties and complete separation of varieties 20 and 40. In view of the fact that the members in the remaining four clusters related to primer Y53 could not be conclusively differentiated, generation or not of a 1200-bp band by primer Y27 was used to further distinguish varieties within these groups, thus creating 5 new clusters and complete separation of varieties 18, 21 and 32 at this step ( Figure 1B and C) . The names of varieties in bold mean that these varieties were separated out at that point in the MCID. The varieties denoted as 1, 3, 4, 5, 6, 10, 11, 17, 19, 25, 28 , and 36 were randomly selected and used in validation of the MCID.
Varieties in the 5 new groups were subjected to similar separation using primer Y59 followed by primers Y21 and Y22 (Figure 2) . Primer Y59 provides a good example of a primer that generates several polymorphic bands, meaning that many varieties could be successfully differentiated from each other at this stage (Figure 2) . By adopting this strategy, the initial group of 42 tomato varieties could be totally differentiated from each other using only 6 of the original 60 primers, and a tomato CID constructed (Figure 2) . The sizes and presence or absence of the polymorphic bands used for separating the varieties are indicated at each corresponding elimination step and the varieties completely separated at each disconnection shown by names in bolded text. All primers and polymorphic bands shown on the CID can provide the information needed for the identification of any of the varieties as planned, thus making this CID practically workable and referable in tomato breeding, propagation, production, and even processing industries.
Assessment of utilization and workability of the MCID for variety identification
The purpose of this research was to determine the possibility of using modified RAPD markers to identify tomato varieties in a simple and replicable strategy. In addition, we sought to generate a referable tomato CID for the identification of varieties and their products in the tomato industry and for possible use in ensuring the protection of breeder/ owner rights. Reproducibility and referability are critical pillars that determine the success of a scientific strategy, and therefore the CID was subjected to tests to verify the utilization, workability and efficiency of the diagram in variety identification. Twelve tomato varieties denoted as 17, 36, 4, 19, 11, 28, 3, 10, 5, 6 , 1, and 25 were picked at random from inside and outside the different groups or subgroups in the CID and used to authenticate and illustrate the scientific aspects of this method. From the location of these varieties in the CID, it was quite easy to identify the primers needed for separating them. For these 12 varieties, the primers Y53, Y27 and Y59 (Figure 2) were chosen and used, where the final PCR results clearly showed that these tomato varieties could be identified by the specific bands as anticipated in Figure 2 . For example, primer Y53 was used to amplify the genomic sequences of '17' and '36' and '4' and '19' (Figure 3A) , where a specific band of 700 bp was used for identification. Primer Y27 was used to amplify the genomic sequence of '11' and '28', or '3' and '10' (Figure 3B ), where the specific band whose fragment size was about 1200 bp was used for identification. Similarly, to separate '5' and '6', or '1' and '25', primer Y59 and a 350-or 300-bp band were needed. This confirmation test proved that this method is both precise and reliable. 
DISCUSSION
The use of molecular markers serves as a modern and suitable approach to cultivar and variety identification, since it is more rapid and cost-effective (Korir et al., 2012) . Different molecular marker techniques have been used in plant population genetics and identification, phylogenetic and biodiversity studies, analysis of recombination frequencies between genotypes, identification of genes for important agricultural traits and marker-assisted selection (Vishwanath et al., 2010; Sonah et al., 2011) . Molecular biology methods, especially DNA fingerprinting techniques, have promising applications in the identification of plant genotypes including varieties and cultivars. Indeed, such tools would be very useful for breeders, growers and the general industry, since fraud is common in variety/cultivar development and usage. These forms of fraud consist of selling cultivars that are propagated without permission or marketing plants with a wrong cultivar name (usually a stolen name), with both types of fraud sometimes being observed in the same case. Such deceptions obviously cause important economic losses to plant breeders, who invest a considerable amount of money in the creation of new varieties and/or cultivars (Agarwal et al., 2008) .
DNA-based molecular markers have served as versatile tools in the fields of taxonomy, genetic engineering, marker-assisted selection, variety and cultivar identification as well as variability studies. These markers are found in abundance and are more precise, thus providing an opportunity for direct comparison of genetic materials. In addition, molecular markers are not affected by different environmental conditions or the stages of growth and development of plants (Reddy et al., 2002) . In spite of these benefits and potential, DNA markers have not been easily and widely used in genotyping plant species, varieties or cultivars. The gravity of this situation is indicated by the lingering doubt among plant scientists and seed trade associations on whether DNA markers can be readily used in the identification of plant varieties and cultivars and in evaluation of DUS. It has been shown that if uniformity (or stability) tests were carried out using the same set of molecular markers as used for the distinction test, uniform varieties for morphological and agronomic traits could be rejected because of lack of molecular uniformity. Breeding companies do not want this because it would be more expensive to develop new molecularly uniform varieties. However, plant variety protection agencies and breeding companies would like to count on molecular markers for distinction tests given that it is easier and quicker to check differences at the molecular level than at the morphological level. Therefore, as shown by Bernet et al. (2003) on Cucumis sativus, there are conflicts of interests, whereby molecular markers can be very useful for distinction tests but their utilization in uniformity and stability tests would be very expensive for plant variety protection agencies and breeding companies in some crop species.
Few approaches including phylogenetic clustering and DNA fingerprinting have been developed to utilize DNA markers in plant cultivar and variety identification. However, none of these have the features that would make plant variety identification easy, practical and referable. The clusters formed in phylogenetic trees do not tell which information is referable in the identification of plant samples, while fingerprinting does not show all the fingerprints from many varieties together for identification. These weaknesses may be attributed to the fact that no analysis connects the information of DNA fingerprints with varieties in an uncomplicated and comprehensible manner. The relatively new approach employed in this study can use DNA markers efficiently to distinguish the varieties as desired. It has been successfully used to identify cultivars in grapes, citrus, peaches, plums, and pears Zhao et al., 2011; Wang et al., 2011; Li et al., 2011) , and there are several ongoing studies aimed at using this strategy on other crops and employing a wider array of molecular markers. This study is the first attempt at utilizing the strategy to identify varieties in tomato, a vegetable crop. It has the advantages of less cost and time and objectivity, among others. The MCID strategy brings out the power of DNA markers in plant variety and cultivar identification activities, and it shows that polymorphic bands of each primer can be used to gradually distinguish every species and individual plants, from which a CID can be finally constructed for further use in identifying these plant genotypes.
The classification of tomato genotypes is sometimes wrought with debate, partly because of cases of inter-varietal hybridization, which creates several intermediate types, and sometimes blurs the distinction between these varieties. The presence of homonyms or synonyms within existing tomato varieties being sold in the markets shows the need to properly identify wild and cultivated tomato varieties and cultivars for conservation and use of these germplasm resources as well as in plant variety protection. The ability to distinguish varieties could be greatly enhanced by using appropriate molecular markers (Patil et al., 2010; Ezekiel et al., 2011; Korir et al., 2012) . The well-documented advantages of optimized RAPD markers make it the technique of choice for the initial phase of this study. The key objective was to determine the possibility of using RAPD markers to distinguish 42 tomato varieties, which is one way of utilizing DNA fingerprints in identifying plant varieties and cultivars. In addition we sought to test the viability and reproducibility of an MCID strategy for the separation of tomato varieties. This methodology could also be considered as a universal strategy to use in distinguishing varieties/cultivars and seed samples in other plant species as reported by Li et al. (2011) .
Using the tomato MCID approach, only 6 RAPD primers were used to differentiate all 42 tomato varieties sampled in this study. This system is both handy and speedy for the user. Although a single primer cannot distinguish all varieties tested simultaneously, this strategy has advantages over earlier methods of tomato variety identification. In addition, this study provides new evidence of speedy identification of tomato varieties and additional uses of RAPD markers. The revealing MCID (Figure 2 ) of the tomato varieties can readily show the primers needed to separate any of the 42 varieties. In essence, any two or more tomato varieties can be distinguished by the use of one specific primer. This can be exemplified by the varieties '18' and '21', which can be distinguished by the use of primer Y27 (Figure 3 ). When PCR amplification shows a special band of 1200 bp, the variety is '21'; otherwise it is '18'. Any other two varieties can also be distinguished following this same principle. If and when new tomato varieties need to be identified or are bred and released, the set of 6 primers chosen in this study can be used for PCR analysis of DNA from these new varieties, and the PCR banding patterns can readily indicate where to position the new varieties in the CID. If they cannot be separated from the 42 already identified using the 6 primers, new primers can be designed, screened and used for separation, and these new varieties can then be positioned on the CID. This kind of variety identification procedure is not mind-numbing and can generate a bigger CID of tomato varieties in the long run, which makes it a useful resource, needed in the wider tomato industry. It should be pointed out that although such a method may not precisely reflect genetic relationships among the varieties, the genetic distance between varieties separated using the first primer is theoretically always larger than the distance between varieties separated by the last primer . This strategy is indeed a great addition to the important exercise of plant variety identification and will be quite useful in the protection of cultivar-rights and early identification. This is the first study reporting optimization of the RAPD technique by choosing 11 nucleotide primers and strict screening of PCR annealing temperature for each primer before using RAPD in sequential fingerprinting of tomato varieties. Replication and experimental verification done to confirm the reliability of this idea and strategy gave reasonable results for the selected primers. Therefore, this study further confirms the potential of utilizing DNA markers even in plant species, without requiring a genetic linkage map and/or any DNA sequence information to distinguish the varieties, cultivars or any other genotypic grouping. The MCID plus RAPD marker technique was found to be effective and convenient in selecting markers in fruit trees and it has great potential in other crop plants. Furthermore, the polymorphic bands generated may be developed into special molecular markers for the identification of varieties/cultivars in future. The generation of a readable and referable CID is significant since such a CID can be constructed and used in the identification of related plant species. This study is a continuation of research on this method, and as it progresses, this stratagem in concert with other molecular markers can be used to develop a reference table for each species among organisms of interest, which in turn can provide the information needed to separate varieties, cultivars, etc., as desired. Different markers and their applications should be tested to ascertain their suitability for use in variety identification, since some markers have been found to be occasionally unstable, calling for measures to mitigate this. A good example is the use of stable 11-mer RAPD primers in our study instead of the unstable 10-mer options. The banding patterns from the 11-mer primers were reproducible from the replicates and from the exercise to verify workability of the CID strategy.
We, therefore, conclude that this approach of using RAPD markers and an MCID is rapid and simple and produces reliable results, since it was possible to demonstrate that a small grouping of primers can be used to distinguish between large numbers of tomato varieties. However, it is recommended that this strategy be also used with more varieties and other markers so as to generate a wider database and give a comparative recommendation.
